The global war against terrorism has created new challenges for neurosurgeons, craniofacial surgeons and maxillofacial surgeons; United States military operations in Iraq and Afghanistan have resulted in the greatest incidence of head trauma since the Vietnam conflict. The more frequent use of improvised explosive devices (IED), in conjunction with increased survival from improved body armor and battlefield medicine, has contributed to the increasing number of craniomaxillofacial injuries and consequent head trauma [28] . IEDs usually contain an explosive that, during detonation, is converted into a gas that rapidly expands and forms a high-pressure wave [4] . This blast overpressure wave travels at supersonic speeds and causes primary blast injury. The subsequent blast wind that follows the initial blast wave can propel objects, leading to further harm [7, 29] .
The effect of a primary blast wave on the brain remains poorly understood despite the various models and computer simulations used to predict different mechanisms of injury [5, 27] . Because 59% of the service members in Operation Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF) suffered from TBI [21] , a better understanding of mechanisms underlying primary blast injury and the establishment of guidelines of care are warranted. Persistent and debilitating symptoms are often associated with mild traumatic brain injury [24] , underscoring the need for improved diagnostic and therapeutic modalities. Diffuse axonal injury (DAI) is widely hypothesized to be a principle mechanism of damage and the cause of persistent cognitive defects after traumatic brain injury (TBI). Angular forces can cause shearing or stretching of axons, leading to impaired axonal transport and swelling [9] . However, further elucidation of the pathological mechanism behind blast injury and determining the ideal diagnostic method to identify this condition may help lead to greater protection for military personnel and treatments for those already suffering from this disease.
The majority (85%) of reported TBI cases are undetectable with imaging (computed tomography (CT) and magnetic resonance imaging (MRI) are usually insensitive to its characteristic small lesions [1, 13] ) and are classified as mild [2, 25] based on the Department of Defense (DoD) screening criteria. The DoD defines mild TBI as loss of consciousness, amnesia, mental status alteration at time of injury, and/or focal neurological deficit or peri-injury confusion/disorientation in a patient with a Glasgow Coma Scale (GCS) score of 13-15 [18] . Once diagnosed, mild TBI is a treatable disease typically associated with a very favorable prognosis [15] . As a result, the recently published results by Mac Donald and colleagues have created a sense of cautious optimism regarding the use of diffusion tensor imaging (DTI) in detecting structural brain damage in blast-exposed patients suffering from mild TBI.
In their study, Mac Donald et al. enrolled 63 patients, ages 19-58, from a screened population of 122 service members. The primary goal was to establish whether or not traumatic axonal injury is a primary feature of human blast-related TBI. As we previously mentioned, if such an investigation is more than necessary to improve patient care and outcomes, we have some major concerns about the validity of this study, particularly with regard to patient selection and inclusion criteria. First of all, the selected patient population had primary blast exposure plus another concurrent related injury to the head (fall, motor-vehicle crash, blow to the head by a blunt object) [16] , which unfortunately is an important limiting factor, preventing the direct contribution of primary blast exposure to TBI from being precisely determined. Although they did not explicitly restrict patients based on the severity of their injury, patients with moderate to severe TBI were excluded by requiring an in-person informed consent. Another major limitation is the self-reported initial screening questionnaire used by the investigators. The majority of injured personnel possesses a strong desire to return to duty with their deployed unit in the combat zone, and may underreport their blast exposure and related symptoms. Despite the authors' intentions, they may have excluded patients with very mild degrees of TBI from their study. Mac Donald et al. also attempted to exclude patients' conditions that would alter DTI signals, but their enrolled patients did not undergo scanning prior to blast injury. The military personnel who uniquely make up the majority of victims suffering from blast injury are recruited and trained to work in high stress and physically demanding situations. These conditions can theoretically lead to repetitive brain injury prior to engagement on the battlefield, raising the possibility that their results stemmed from pre-existing conditions in addition to mild head trauma.
In addition to these limitations, we have further concerns regarding the study by Mac Donald et al. All patients underwent DTI scanning within 90 days after their injury. However, in another study, a follow-up DTI scan without clinical assessment in two patients with TBI revealed that some regions with initially detectable DAI were partially or completely corrected 30 days after injury [1] . Given the heterogeneity of TBI on an individual basis, a cellular repair mechanism may correct partial injury within a certain time period. As a result, a 90-day window may be too broad when attempting to initially identify patients with mild TBA. Moreover, only a third of patients with TBI had definitively abnormal scans when analyzed individually [16] , demonstrating that DTI alone cannot be used to make a diagnosis with certainty, especially since numerous aspects about this technique are still poorly understood [10] . Therefore, diagnostic interpretation in the individual patient relying solely on DTI results remains problematic because substantial overlap in the range of DTI metrics exists between age-, gender-and education-matched controls and mild TBI patients [11, 22, 26] . Mac Donald et al. did not control for these factors in the study, though they do show there was no correlation with age in their cohort.
Another concern is the duration of loss of consciousness and post-traumatic amnesia, which, as Mac Donald and colleagues explicitly state, was not available or not reliable. Unfortunately, this may severely impair the assessment of their patients, and these are two very important criteria in the diagnosis of TBI that are used to divide this condition into categories of mild, moderate and severe. Furthermore, challenges arise when attempting to accurately identify mild TBI because of the overlap of post-concussion symptoms and post-traumatic stress disorder (PTSD). Military members serving in a combat zone are at risk for both of these, and they can affect the same patient [6] . This needs to be taken into consideration to ensure that all enrolled patients truly have mild TBI and not PTSD. Some even argue that the current screening procedures and definitions of mild TBI are flawed [12] , further complicating matters.
Finally, the Mac Donald study used region of interest analysis to explicitly assess major orbitofrontal, posterior fossa white-matter tracts and other commonly affected regions using DTI. This method of analysis only samples small and specific stereotypical regions instead of examining the entire brain. Mild TBI lesions can occur throughout various regions of the brain, underestimating the impact and extent of TBI and limiting the clinical utility of this type of analysis [19] . Therefore, whole brain or voxel-based analysis may represent a better way to analyze DTI results since it is automated, removes operator bias and measures the overall extent of white matter injury [17] . A study by Niogi et al. considered white matter tracts damaged if the values were more than 2.5 SD below the mean of their control subjects [20] ; the Mac Donald study, on the other hand, defined abnormalities as reductions of at least 2 SD below the mean. Based on their data, it seems that a large number of their patients would not have been categorized as having structural abnormalities if a more stringent cutoff point had been used.
Unfortunately there are only two other studies involving service members exposed to blast injury. Peskind and colleagues [23] compared 12 Iraq war veterans who were exposed to at least one blast that resulted in acute mild TBI and had persistent postconcussive symptoms with civilian controls. Veterans with blast exposure mild TBI showed consistent regional hypometabolism in certain regions of the brain, demonstrating that blast exposure resulting in mild TBI may have a neurobiological substrate that is measurable. In the only other published study using DTI, Levin and colleagues [14] examined the effects of mild to moderate blast-related TBI in 37 OIF/OEF veterans and service members, and compared them with a group of OIF/OEF veterans without blast exposure who sustained injury to other body regions or had no injury. This group found no between-group differences in white matter integrity. Unfortunately, there are limitations involved with both of these studies, and definitive conclusions cannot be reached solely based on their evidence.
The majority of patients categorized with mild TBI have no abnormality on routine CT [3] . As a result, it is extremely difficult to define mild TBI on a radiological basis, and its clinical assessment is currently much more relevant. These obstacles highlight the continued need for future studies that explore blast-related injuries similar to the one conducted by Mac Donald and colleagues. Although their study has limitations, the results presented by the Mac Donald group show promise and sets a precedent upon which future studies can improve as we strive for a better understanding of blast exposure and TBI. An ideal study would integrate prior traumatic non-blastrelated lesions and acquire multiple DTI data sets prior to injury onset, prior to engagement in war areas and at short intervals beginning at onset. It would also be longitudinal in order to chart DAI progression in each patient over a certain timeline and be conducted in a prospective manner. Although existing evidence comes mostly from sports studies, neuropsychological tests have been demonstrated to be useful in the detection of cognitive impairment following mTBI [3, 8] . As a result, neuropsychological evaluations should also be conducted in future studies to define a correlation with DTI results. This may help give stronger validation to the neuroradiological data and provide further information that may help make a better distinction between PTSD and mild TBI. These types of studies may eventually help us predict future changes in white matter that are characterized by DTI and correlate them with clinical outcome in patients. Hopefully, advances in neuroimaging modalities will improve our ability to detect clinically significant but sub-threshold structural abnormalities in blast-related mild TBI. [1] . Recent publications showed, in fact, that 60% of the service members in war zones suffered from any type of TBI [2] . The majority of them, like other types of TBI, presented generally lesions not detectable with CT-scan, with white matter damage and diffuses axonal injury. As consequence, neuropsychological impairments will occur with documented relationships between cognitive impairments and DTI damage white matter injury, mainly in the parahippocampal gyrus, left inferior parietal lobe, and left anterior cingulate [3] . Overall we agree with the main concerns expressed by Appelboom and colleagues, which reflect the issues of part of the neurosurgical community. In particular, Appelboom and colleagues are concerned about the 90-day window to perform follow-up DTI scan, which seems to be too broad. Moreover, we are uncertain if the selected assessed regions of interest analyzed are significant in such type of study.
Additionally, although the study of Mac Donald and colleagues may improves the data of mild traumatic brain injury by blasts of improvised explosive devices, we think that this study has failed a chance. In detail, the study was not conducted in a prospective matter. Unlike car accidents or similar other cause of TBI, the military personnel is recruited and trained to work in military areas. Such type of military personnel undergoes strong physical and mental preparation, which can theoretically have as consequence repetitive brain injury, due to the very strong actions in the training time. To exclude such types of injuries, the personnel should undergo to DTI scan before the engagement in war areas. Hence the controls were more trustworthy.
Another point of concern in the study of Mac Donald and colleagues is the absence of extensive neuropsychological evaluations correlated with the DTI informations. This art of correlation may corroborate the neuroradiological data and give more interpretations especially to understand the PTSD consequences.
In conclusion, we agree with the concerns expressed by Appelboom and colleagues over the cited study, in particular over the optimism about the expected predictive value of DTI in detecting structural brain damage. On the other side, the study of Mac Donald and colleagues may offer a chance to establish more extensive and structured studies in the-until now-poorly understood field of mild TBI with axonal diffuse injury, with useful data valuable not only in blast-related brain injury but also in civilian TBI like traffic accidents, hockey, football, and more.
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